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ABSTRACT The caspases are cysteine proteases that
have been implicated in the execution of programmed cell
death in organisms ranging from nematodes to humans. Many
members of the Bcl-2 family, including Bcl-xL, are potent
inhibitors of programmed cell death and inhibit activation of
caspases in cells. Here, we report a direct interaction between
caspases and Bcl-xL. The loop domain of Bcl-xL is cleaved by
caspases in vitro and in cells induced to undergo apoptotic
death after Sindbis virus infection or interleukin 3 with-
drawal. Mutation of the caspase cleavage site in Bcl-xL in
conjunction with a mutation in the BH1 homology domain
impairs the death-inhibitory activity of Bcl-xL, suggesting that
interaction of Bcl-xL with caspases may be an important
mechanism of inhibiting cell death. However, once Bcl-xL is
cleaved, the C-terminal fragment of Bcl-xL potently induces
apoptosis. Taken together, these findings indicate that the
recognitionycleavage site of Bcl-xL may facilitate protection
against cell death by acting at the level of caspase activation
and that cleavage of Bcl-xL during the execution phase of cell
death converts Bcl-xL from a protective to a lethal protein.

Many cell death stimuli, including growth factor withdrawal,
receptor ligation, drug treatment, and virus infection, have
been shown to activate the cellular family of cysteine proteases
known as caspases (1–3). This and other accumulating evi-
dence strongly indicates that the caspases are crucial for the
execution phase of apoptosis. Caspases are synthesized as
zymogens that require proteolytic cleavage to generate active
enzyme subunits. These activating cleavage events can be
carried out by other caspases and are thought to represent a
major regulatory step in the apoptosis pathway. In addition to
caspases themselves, several other target substrates of the
caspases have been identified, including transcription factors,
kinases, enzymes involved in DNA repair, cytoskeletal pro-
teins, and others (1, 2, 4–6). However, the role of these
cleavage events in cell death remains to be fully elucidated.

By unknown mechanisms, the activation of caspases is
inhibited by Bcl-2 and Bcl-xL (7–14). Bcl-2 family members
may facilitate inhibition of caspase activation through one or
more of their assigned functions, such as pore-formation,
homo- and heterodimerization, and other protein–protein
interactions (12, 15–17). A potential mechanism by which
Bcl-xL may regulate caspases is suggested by the recent iden-
tification of several proteins, p28Bap31 (18), MRIT (19), and
Caenorhabditis elegans CED-4 (9, 14, 20–23), that physically
bridge Bcl-xL with caspases. However, a direct interaction
between Bcl-xL and caspases has not been reported previously.

Although the overall amino acid identity among Bcl-2 family
members is low, there are several conserved motifs, BH1 to

BH4 (24). The BH1 and BH2 domains of Bcl-2 and Bcl-xL are
important for heterodimerization with other Bcl-2 family
members (25, 26). Although the BH1 and BH2 domains are
required for anti-death activity, heterodimerization apparently
is not required to inhibit apoptosis (26). The death-inducing
members of the Bcl-2 family, Bak and Bax, contain a BH3
domain that appears to be sufficient to induce cell death (27,
28). Of interest, this domain also is conserved in the anti-death
family members Bcl-2 and Bcl-xL. A fourth conserved domain
located near the N terminus, BH4, forms an a-helix and is
required for the anti-apoptotic activity of Bcl-2 (29, 30).

Here, we demonstrate that Bcl-xL is a caspase substrate.
Caspase cleavage of Bcl-xL in the loop region releases a
C-terminal product that lacks the BH4 homology domain and
potently induces cell death. Mutation of the caspase cleavage
site inhibits release of the proapoptotic fragment, correlating
with improved cell viability. However, the cleavage site mu-
tation causes a loss of anti-death activity when combined with
a mutation in the BH1 domain that previously was shown to
block heterodimerization with Bax and Bak without signifi-
cantly affecting anti-death activity (26). Therefore, the loss of
anti-death activity by this double mutant suggests that, before
proteolysis of Bcl-xL, the caspase cleavage site is involved in
inhibition of cell death, perhaps by inhibiting caspase activa-
tion.

MATERIALS AND METHODS

Plasmid Constructions. Rat bcl-x (GenBank accession no.
U10579) was amplified from rat dorsal root ganglia cDNA by
PCR by using primers for human 59 and 39 bcl-x untranslated
sequences (31). cDNAs encoding human interleukin (IL) 1,
cowpox virus crmA, human caspase-3, baculovirus P35, mu-
rine Bax, human Bcl-2 and Bcl-xL, and rat Bcl-xL and Bcl-xS
were expressed from the pSG5 vector (Stratagene). Mutations
in human Bcl-xL were generated by recombinant PCR and
confirmed by DNA sequencing. The coding sequences for
Bcl-xL amino acids 62–233 plus an initiation codon were
amplified by PCR to construct mutant DN61. The Bcl-xL Dloop
mutant was obtained from Craig Thompson (University of
Chicago) (32) and lacks amino acids 26–83. D61AyBH1(mt1)
and DloopyBH1(mt1) were constructed by ligating DNA frag-
ments from the D61A or Dloop mutants and BH1(mt1) (26).

Cleavage Assays. Cleavage reactions contained 3 ml of
35S-labeled in vitro translation mixture and 1 ml (30 units) of
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purified caspase-1 [provided by Susan Molineaux, Merck; 1
unit generates 1 pmol 7-amino-4-methylcoumarin (AMC)y
min by using saturating substrate (Ac-YVAD-AMC, Peptides
International) at 25°C] or 2 ml of purified caspase-3 (provided
by Kristine Kikly, SmithKline; 1 ml produces 2.5 3 103 relative
fluorescence unitsymin using DEVD-AMC). DTT was added
to a final concentration of 10 mM, and caspase reaction buffer
(100 mM Hepes pH 7.5y10% sucrosey0.1% 3-[(3-cholamido-
propyl)dimethylammonio]-1-propanesulfonate) was added to
bring the total volume of each reaction to 20 ml. After
incubation at 30°C for 6 h, the labeled proteins were analyzed
by SDSyPAGE and fluorography.

Cleavage Site Mapping. Glutathione S-transferase–Bcl-xL
fusion protein lacking the transmembrane domain was purified
from Escherichia coli, and 5 mg was incubated overnight with
caspase-1 as described above. The cleavage product was sep-
arated by SDSyPAGE and transferred to Immobilon Psq

poly(vinylidene difluoride) membrane (Millipore) for micro-
sequencing.

Cell Extracts. SyM and IP extracts were prepared as de-
scribed (33). Each reaction contained 10 mM DTT (final
concentration), 0.5 ml of in vitro translation mixture, and 7.5
units of caspase-1 or 3 ml SyM or IP extract. Caspase reaction
buffer was used to bring each reaction to a total volume of 5
ml. The reactions were preincubated with or without inhibitors
for 15 minutes at 37°C before addition of in vitro translation
mixture and further incubated at 37°C for 6 h before analysis
by SDSyPAGE and fluorography.

Immunoblotting. BHK cells were transfected by using lipo-
fectamine (Life Technologies, Grand Island, NY), with total
DNA concentrations being held constant by addition of con-
trol plasmid pSG5. At 24 h after transient transfection, cells
were lysed in RIPA buffer (150 mM NaCly1.0% Nonidet
P-40y0.5% deoxycholatey0.1% SDSy50 mM Tris, pH 8.0) and
50 mg of protein (quantitated by bicinchoninic acid assay;
Pierce) were separated by SDSyPAGE. Proteins were trans-
ferred to nitrocellulose and probed with anti-Bcl-x mAb 2A1
(34) (provided by Craig Thompson) and detected by using
enhanced chemiluminescence (Amersham). COS-1 cells were
harvested in RIPA buffer and BayF3 cells were harvested in
2X Laemmli sample buffer (35) and 50 mg (COS-1) or 20 mg
(BayF3) of protein per sample were separated by 17.5%
Tricine-SDSyPAGE (36), transferred to Immobilon P mem-
brane (Millipore), and immunoblotted with 2A1 antibody and
enhanced chemiluminescence.

Cell Death Assays. Recombinant Sindbis virus vectors were
generated as described (26). Cells were infected with 10
plaque-forming units of virus per cell, and cell viability was
determined at 48 h postinfection by trypan blue exclusion.

BayF3 stable cell lines were established as described (35, 37).
Cells were electroporated with pBabePuro (38) alone or with
pSG5–Bcl-xL constructs and selected in 2 mgyml puromycin.
Individual clones were analyzed by immunoblotting, and lines
with similar levels of protein expression were selected for
further analysis. At various times after IL-3 withdrawal, cell
viability was determined by propidium iodide staining and
FACScan flow cytometry.

The lacZ transfection viability assays were performed as
described (39). BHK cells were transfected with 0.5 mg each of
lacZ reporter plasmid pCH110 and the Bcl-x plasmids indi-
cated by using lipofectamine with equal amounts of total DNA
per sample. At 24 h after transfection, cells were fixed and
stained with 5-bromo-4-chloro-3-indolylb-D-galactoside. Cell
viability was measured by counting blue cells in 10 high power
fields and scoring normal vs. apoptotic morphology.

RESULTS

To determine whether Bcl-xL could be digested by caspases, in
vitro-translated proteins were treated with purified active

enzymes. When radioactively labeled Bcl-2, Bax, Bcl-xS, and
Bcl-xL proteins were treated with caspase-1 (IL-b converting
enzyme), only Bcl-xL (both rat and human) and Bcl-xS were
proteolyzed (Fig. 1A). A stable digestion product of Bcl-xS was
not detected, but cleavage of Bcl-xL by caspase-1 produced a
stable 16-kDa fragment. As expected, caspase-1 also cleaved
its natural substrate proIL-1b and the cowpox virus caspase
inhibitor CrmA (which is cleaved only 38 amino acids from the
C terminus) (40). Cleavage of Bcl-xL was inhibited by the
caspase-1 inhibitors YVAD-CMK and iodoacetate but not by
leupeptin, phenylmethylsulfonyl f luoride, or pepstatin, which
is consistent with the inhibitor profile of caspase-1 (data not
shown). Bcl-xL also was susceptible to cleavage by caspase-3
(Fig. 1B).

The caspase-1 cleavage site in Bcl-xL was determined by
N-terminal sequencing of the 16-kDa cleavage product derived
from digestion of the glutathione S-transferase–Bcl-xL fusion
protein with caspase-1 (data not shown). The resulting peptide
sequence placed the cleavage site after an aspartate in the
sequence His-Leu-Ala-Asp61 of Bcl-xL. An aspartate residue
at the P1 position is consistent with other known caspase
substrates as well as caspase inhibitors (2, 41, 42). To verify the
cleavage site mapping, the aspartate at position 61 was mu-
tated to alanine. This D61A mutation rendered Bcl-xL resis-
tant to digestion by caspase-3 in vitro (Fig. 1B). The D61A
mutation also abolished cleavage after residue 61 by caspase-1,
but an alternate cleavage occurred at a more N-terminal site
producing a slightly larger product (Fig. 1B, small arrow).
Deletion of the Bcl-xL loop domain (amino acids 26–83)
completely abolished cleavage of Bcl-xL by caspase-1 and -3

FIG. 1. In vitro cleavage of Bcl-xL by caspases. (A-C) The indicated
in vitro-translated 35S-labeled proteins were incubated with the indi-
cated recombinant caspases and analyzed by SDSyPAGE and fluo-
rography. The D61A mutation causes an altered migration in SDSy
PAGE (see Discussion). Met45 of human Bcl-xL (an Arg in rat Bcl-xL)
is presumed to give rise to an internal initiation product marked by an
asterisk throughout.
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(data not shown). In contrast to Asp61, mutation of the three
most C-terminal aspartate residues of Bcl-xL (Asp 156, 176,
189) had no effect on caspase-1 cleavage, indicating that the
16-kDa fragment was derived from an N-terminal cleavage
event rather than both N- and C-terminal processing (Fig. 1C).
Further confirmation of the Asp61 cleavage site was obtained
by digestion of a Bcl-xLyBcl-2 chimera containing the N-
terminal 65 amino acids (including the cleavage site) of Bcl-xL
and the C-terminal 167 amino acids of Bcl-2, which also
produced a single 16-kDa fragment (Fig. 1C). In addition, the
translation product of a Bcl-xL clone lacking the first 61 amino
acids (DN61) comigrated with the caspase-1 cleavage product
of wt Bcl-xL and was resistant to caspase-1 digestion (Fig. 1C).

Cytoplasmic extracts from cells undergoing the early stages
of apoptosis have been useful in recapitulating many of the
important events occurring during the execution phase of cell
death. Addition of apoptotic SyM extracts to radiolabeled
Bcl-xL produced a 16-kDa product and a smaller unidentified
fragment, but a control cell extract (IP) prepared from nonapo-
ptotic cells had little effect (Fig. 2A). Processing of Bcl-xL by
the SyM extract was inhibited by 10 mM DEVD-CHO (peptide
aldehyde) (Fig. 2B) and 2 mM iodoacetate but only partially
inhibited by 100 mM YVAD-CMK (peptide chloromethylke-
tone) (Fig. 2 A). These results are consistent with a previous
report that SyM extracts do not contain any detectable
caspase-1 activity but instead contain abundant caspase-3
activity (43). However, these experiments do not distinguish
between cleavage by caspase-3 and cleavage by other DEVD-
CHO-sensitive enzymes. The SyM extract failed to cleave the
D61A mutant (Fig. 2A), indicating that the SyM protease

cleaves Bcl-xL at the same site recognized by purified caspases
in vitro. The alternate, more N-terminal site recognized by
recombinant caspase-1 was not cleaved by the SyM extract
(compare with Fig. 1B).

To determine whether endogenous Bcl-xL was cleaved after
a physiological death stimulus, COS-1 cells were infected with
Sindbis virus (44, 45) and immunoblotted for Bcl-x. A prom-
inent 16-kDa polypeptide that comigrated with transfected
DN61 was detected only in virus-infected cell lysates (Fig. 2C).
A smaller fragment also was detected at late times similar to
that observed with cell extracts (compare with Fig. 2 A and B).
Increased cleavage of endogenous Bcl-xL correlated with
reduced cell viability at 24 (75.7%) and 48 h (19.9%) postin-
fection compared with mock-infected cells (95.5%). Thus,
cleavage of endogenous Bcl-xL by endogenous caspases was
observed after induction of apoptosis by virus infection.

To determine what effect caspase cleavage has on Bcl-xL
function, a construct lacking the first 61 amino acids of Bcl-xL
(DN61) was transfected into BHK cells along with a lacZ
reporter plasmid. Transfection of DN61 potently induced
dose-dependent apoptotic cell death characterized by cell
shrinkage and membrane blebbing (Fig. 3A and data not
shown). Transfection of only 50 ng of DN61 plasmid reduced
the viability of transfected cells from 80 to 57% despite the fact
that the DN61 protein was undetectable by immunoblot anal-
ysis. In fact, the DN61 protein could only be detected in a
narrow window of transfected DNA concentrations, presum-
ably because of its potent pro-death activity. The difficulty in
detecting DN61 Bcl-xL in some cells may explain why caspase
cleavage of Bcl-xL previously went undetected. Of interest, cell
death induced by DN61 was blocked completely by cotrans-
fection with baculovirus P35. Although P35 may also block
cleavage of Bcl-xL (not assayed in this experiment), P35 blocks
cell death downstream of DN61 (Fig. 3A), suggesting that DN61
may accelerate cell death by amplifying the caspase cascade.
Furthermore, co-transfection of P35 resulted in significantly
increased accumulation of the DN61 protein, supporting the
hypothesis that the potent pro-death activity of DN61 leads to
elimination of those cells that express it, making the cleavage
product difficult to detect. (The overall levels of endogenous
Bcl-xL remained largely unchanged because the majority of
cells were not transfected.)

In contrast to P35, cotransfected wild-type (wt) Bcl-xL (0.5
mg) had little effect on killing induced by DN61 (compare
viabilities in Fig. 3B with 3A). The increased accumulation of
DN61 protein at low DNA concentrations probably reflects the
increased levels of full length substrate available for digestion.
However, the failure of increased levels of cleavage product to
further reduce cell viability indicates that the ratio of full
length to cleaved Bcl-xL may be important in determining
susceptibility to cell death.

To provide evidence that the Bcl-xL cleavage fragment
produced by endogenous caspases accelerates cell death, IL-
3-dependent murine hematopoietic (BayF3) cells were stably
transfected with wt Bcl-xL or a mutant of Bcl-xL in which the
cleavage site Asp was mutated to Ala. Clones expressing
similar amounts of Bcl-xL protein (Fig. 3D) were tested for
their ability to block death induced by IL-3 withdrawal.
Although wt Bcl-xL protected cells compared with vector alone
(Puro), two cell lines expressing the cleavage site mutant D61A
exhibited significantly enhanced cell survival compared with
wt Bcl-xL (Fig. 3C). Immunoblot analysis of control and
transfected BayF3 cells at increasing times after IL-3 with-
drawal demonstrated that both endogenous and transfected
Bcl-xL were cleaved to a 16-kDa fragment and a smaller
fragment that may correspond to the smaller fragment ob-
served with SyM extracts (Fig. 3E). The appearance of the
cleavage product also correlated with reduced levels of full
length protein (more evident in lighter exposures in the case
of Bcl-xL #17). The 16-kDa fragment was derived by cleavage

FIG. 2. Cleavage of Bcl-xL by apoptotic cell extracts and in cells
induced to undergo apoptotic cell death. (A) An in vitro translation mix
containing 35S-labeled wt or mutant Bcl-xL protein was incubated with
recombinant caspase-1, apoptotic cell extract (SyM), or control extract
(IP) with or without inhibitors and analyzed by SDSyPAGE and
fluorography. Induction of apoptotic morphology in HeLa cell nuclei
by the SyM extract and lack of apoptosis with the IP extract was
confirmed by 49,6-diamidino-2-phenylindole staining (data not
shown). (B) An independent experiment in which cleavage of in
vitro-translated Bcl-xL by the SyM extract was inhibited by Ac-DEVD-
CHO. p, See legend to Fig. 1. (C) Cleavage of endogenous Bcl-xL in
COS-1 cells after Sindbis virus infection. Virus-infected or DN61-
transfected cell lysates were immunoblotted with 2A1 antibody.
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at Asp61 because mutation of Asp61 in the D61A #7B cell line
abolished production of the 16-kDa fragment although a
smaller fragment was produced at later time points (Fig. 3E).

The presence of a caspase cleavage site in Bcl-xL, a protein
that inhibits caspase activation, also raises the possibility that,
before cleavage, Bcl-xL could potentially function as a
pseudosubstrate to directly inhibit caspases. The presence of
Bcl-xL in the same protein complex with caspases fuels this
hypothesis (9, 18, 19). However, the purified glutathione
S-transferase–Bcl-xL protein did not inhibit cleavage of re-
combinant proIL-1b by purified caspase-1 (data not shown).
Furthermore, the finding that the loop domain is dispensable
for the anti-death activity of Bcl-xL (32) indicates that the
cleavage site is not required to inhibit cell death at least in
some scenarios. Therefore, to explore the possibility that
Asp61 has a role in anti-death activity, the cleavage site
mutation D61A was studied in the context of a mutant BH1
domain. Bcl-xL mutant 1 (mt1) has two point mutations in BH1

that abolish heterodimerization with Bax and Bak but do not
significantly alter anti-death activity (26). Although neither the
cleavage site mutation nor the BH1 (mt1) mutation impaired
anti-death activity, the combination of these mutations in the
same protein abolished anti-death activity when assayed with
the Sindbis virus vector system (Fig. 4A). Results obtained with
three independent D61AyBH1(mt1) constructs were similar to
a negative control in which a premature stop codon was
inserted near the N terminus of Bcl-xL (Bcl-xL-stop). The wt
and mutant Bcl-xL proteins were expressed at similar levels in
infected cells as assessed by immunoblotting (Fig. 4A and data
not shown). Thus, Asp61 is vital for protection in this assay
when BH1 is mutated. If this is the case, then deletion of the
loop domain, which normally enhances anti-death activity, also
would be expected to abolish anti-death activity when com-
bined with the BH1 mutation (mt1). As predicted, the Dloopy
BH1(mt1) mutant failed to protect BHK cells from virus-
induced apoptosis whereas the Dloop mutation alone provided
consistently enhanced protection (62%) compared with wt
Bcl-xL (50%) (Fig. 4B) (32).

DISCUSSION

The evidence presented here indicates that endogenous and
overexpressed Bcl-xL is cleaved by endogenous caspases during
cell death induced by IL-3 withdrawal or virus infection.
Cleavage of Bcl-xL in the loop domain effectively removes the
N-terminal BH4 homology domain, converting Bcl-xL into a
potent pro-death molecule. Like Bcl-xL, Bcl-2 also is cleaved by
caspases in the loop domain to release a potently pro-apoptotic
C-terminal cleavage product (46). Activation of Bcl-xL and
Bcl-2 pro-death activity after cleavage could potentially serve
as a feed-forward mechanism for executing the cell. It has been
reported that deletion of the Bcl-2 BH4 domain (amino acids
4–29) destroyed its anti-death function (29, 30). Surprisingly,
this mutant failed to exhibit pro-death activity (28), suggesting
the possibility that pro-death activity of the cleavage product
may be suppressed in some situations.

The sequence of the Bcl-2 cleavage site (DAGD) more
closely resembles the site recognized by class II caspases
whereas the Bcl-xL cleavage site does not resemble other
known sites at the P4 position. Further evidence that Bcl-2 and
Bcl-xL are cleaved by distinct proteases comes from the
observation that, although Bcl-xL is cleaved by caspase-1 in
vitro, Bcl-2 is not susceptible to digestion by caspase-1 (see Fig.

FIG. 3. The C-terminal cleavage product of Bcl-xL induces apo-
ptosis, and mutation of the Bcl-xL cleavage site enhances anti-death
function. (A) BHK cells were transfected with a lacZ reporter plasmid
plus increasing amounts of the DN61 mutant with or without P35 (0.5
mg), and viability of transfected (blue) cells was determined 24 h later.
The results are representative of two independent experiments. Shown
below is an immunoblot of similarly transfected cells. (B) BHK cells
were cotransfected with a lacZ reporter plasmid, 0.5 mg of wt Bcl-xL
and increasing amounts of the DN61 mutant or with DN61 alone (0.5
mg) and viabilities were determined as in A. The corresponding
immunoblot is shown below. (C) BayF3 cell lines expressing the
indicated proteins were induced to undergo apoptosis by withdrawal
of IL-3 as detected by propidium iodide staining. The results shown are
the mean 6 SD (hidden by the symbols) for a representative exper-
iment performed in triplicate. (D) Equal amounts of protein from the
indicated BayF3 cell lines were analyzed by immunoblotting; this light
exposure does not detect endogenous Bcl-xL. The D61A mutation
causes an altered migration on gels (see Discussion). (E) The indicated
BayF3 cell lines were immunoblotted with 2A1 antibody at the
indicated days after IL-3 withdrawal. Cell viabilities determined by
propidium iodide staining for this experiment are indicated below.

FIG. 4. The caspase cleavage site in Bcl-xL is important for
anti-death activity in the context of a BH1 mutation. (A and B) BHK
cells were mock-infected or infected with recombinant Sindbis viruses
expressing wt Bcl-xL or the indicated Bcl-xL mutants. The results are
the mean 6 SE of three to four independent experiments, counting at
least 500 cells per sample. (A) An immunoblot of similarly infected cell
lysates. The antibody does not detect the loop deletion mutant. Control
recombinant viruses expressing Bcl-xL in the reverse orientation are
indicated as ‘‘rev.’’

Cell Biology: Clem et al. Proc. Natl. Acad. Sci. USA 95 (1998) 557



1A). Furthermore, Fas-induced cell death in Jurkat cells is
associated with significant cleavage of endogenous Bcl-2, but
endogenous Bcl-xL is cleaved much less efficiently in the same
cells (ref. 46 and data not shown). Thus, the release of
pro-apoptotic cleavage products of Bcl-2 and Bcl-xL is likely to
be regulated by the particular subset of activated caspases.

A caspase cleavage site also is conserved in CED-9, the Bcl-2
homolog found in C. elegans, except that cleavage of CED-9 by
the C. elegans CED-3 protease occurs between the BH4
domain and an N-terminal extension not found in mammalian
Bcl-2 or Bcl-xL (47). Therefore, the cleavage product of CED-9
retains the BH4 domain and accordingly lacks pro-death
activity. The N-terminal 65-aa extension on CED-9 may
represent the functional equivalent of the loop domain found
in Bcl-xL and Bcl-2 but lacking from CED-9. Thus, the
conservation of a caspase cleavage site in mammalian and C.
elegans Bcl-2 family proteins does not appear to be for the
purpose of releasing a proapoptotic fragment. Perhaps the
commonality lies with the anti-death activity of the caspase
cleavage site. Mutation of the CED-9 cleavage site in combi-
nation with a mutation in the BH1 domain of CED-9 abolishes
anti-death activity of CED-9 (47) similar to that demonstrated
here for Bcl-xL. The requirement for both the cleavage site and
an intact BH1 domain could imply that Bcl-xL has at least two
functional domains, one in BH1, perhaps required for ion
channel activity andyor protein–protein interactions, and an-
other in the loop domain involving caspase interaction. An
alternative possibility is that the loop domain and the BH1
domain participate in the same function or that the loop
domain has an alternate activity involving proteins other than
caspases. These potential mechanisms are not mutually exclu-
sive.

Genetic evidence from C. elegans suggests that normal
surviving cells contain CED-3 protease activity that is held in
check by CED-9 (48). Likewise, it is possible that the loop
region of Bcl-xL functions to inhibit basal levels of caspase
activity, perhaps through a direct interaction with the caspase
active site that is facilitated by a bridging protein such as
MRIT, BAP31, a mammalian CED-4 homolog (49), or by
other mechanisms. Mutation of the cleavage site Asp61 in
Bcl-xL caused an altered migration of Bcl-xL in SDSyPAGE,
whereas mutation of several other Asp residues had no effect
(compare Fig. 1C to Figs. 1B, 2 A, 3D, and 4A). Similarly,
mutation of the reactive site Asp in P35 and CrmA also causes

altered SDSyPAGE migration (data not shown), perhaps due
to alterations in protein structure.

In summary, our data suggest that the caspase cleavage site
in Bcl-xL serves as a double-edged sword. Before receiving a
death stimulus, it functions in conjunction with BH1 to inhibit
basal caspase activity (Fig. 5A). When the cell receives a death
stimulus and more caspases become activated, caspase cleav-
age at Asp61 converts Bcl-xL into a pro-death molecule (Fig.
5B) that further amplifies the caspase cascade (see Fig. 3A).
Thus, there may be a delicate balance between anti-death and
pro-death activities contained within the same protein, which
is regulated by the levels of active caspases in the cell.
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